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Measurements of the stability and control ch-ckristics of 
-the airplane and of the wing p r e a ~ ~ ~ e  dietribution during the dfve 
and recovery m e  presented. 

An analysis based m fliyht and wind-tunnel dak indicated the 
probable causea of the abrupt pitch-up were an abrupt restomtian 
of elevator effectiveness md a nose--up chrcngo in b.l.ance caused by 
a shif t  in the angle of atk<..ir for zero lift both h e  to the 
decreaefng M R C ~  nrnnber, 



pitcbing-up m o t i o n  w a ~  experienced at ' a  &ch number of 0.85 as the 
Mach number of flight waa being decreased from a value of 0,866, 
although  tho.pilot had not moved the controls  significantly. The 
airplane had not exhibited this  trait in gull-oute up to the 8- 
a t  lover Mach numbere. 

Because preliminary analpis indicated that tho action of the 
horizontal tail was r e s p m i b l e  f o r  the abrupt pitchp, tests were 
ma&e of a l/3-scale model of the horizontal ~ i l  in the Am08 l&foot 
highepeed wind tunnel up to the Mach numbore attained h flight. 
Because it appeared that a swept ta i l  would alloviate or eliminate 
the pitchfng-moment effects, wind-twmel teste ware also =do of 
the tail w i t h  the quetrte-hord line mept back 56.50. 

This  report  presents an analysie baBad on flight and wind-tunnel 
t e s t  data directed toward +%he determination of tho probable cause of 
the abrupt  pltch-up. Wing pressure distributions and stability and 
control  characteristics i n  tho dive a r e  also included. 

*X 

Az 
a 

b 

B 

C 

- 
C 

Cn 

w *  

CX 

w i n g  span, feet 

m n t  of inertia-of airplane about ita lateral axis, 
pound-feet, secand equarod 

eection chord, feet  

w i n g  mean aerodynamic chord, feet  

8 ~ c t i o n  pitching+nament coefficient &bout quarter chord 

airplane longitudinal-forcq coofffciont (2 
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.c, . pitching-mcgnsnt coefficfent about airplane center of gravity 

c%m pitching+moment  coefficient of fuselage about the airplane 
center of gravity 

%I horizonfal-tail pitchirgagnent coefficient about the 
airplane center of' gravitjr ' 

pitching-mament cobfficieilf; of wfng about 0.25 M;A;G. 
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standard barawetric preseurs at sea level, pwnds per square 
b 

foot 

wing area, square feet 

horizontal tail mea, square Teet 

section a f r fo i l  thickness, feet 

thrust, poundf3 

airspeed, feet per second 

indicated ai'rageed,. milea ger hour 

airplane grose weight, poupds 

chardwise distance r"romload1ng edge, feet 

aerodynamic longitudinal force on airplane, pounda 

spanwise distance from plane of symmetry, feet 

aerodynauic normal force on airplane, pounds 

&tical distance frcan 0.25 M.A.C. to the air-pae center 
of gxavity, feet 

angle of attack of horizontal tail, degrees 

air density, d u g 8  per cub$c foot 

ailoron contro1"surfaco  deflection, degrees 
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'e elevator cmtrol-surface deflection, degrees 

A ahgle of ~xeepb&ck of q u a r t e m h d  line, degrees 

e angle of airplane longitudinal axis wi* respect to a x i s  
fixed In sp&ce, radiasa  

E downnsh angle, degree8 

pitchiilg pLa@lar Pelocity, radians per second 

d2e/dp pitching angular acceleratfm, radians per second per 
second 

. .  . 

DEScR13TIOT OT !r!TiE flmPLmE 

The airplane used in the teats  ie shown in ffgwlee 1 and 2. 
Figure 3 13 a thre&view d r a w i n g  of the afrplann 13hawing $he w i n g  
stations at whfch pressure meaaursments were taken. D i m e n s i o n s  of 
the airplane wing and the h o r i z m k l  tail are l is ted in table I. 
Table I1 contains the ordinates for the w i n g  eectfons (NACA e1413 
(a=0.5)) and table III li& the oriffce locatione for the four 
stations on the left  whg. Tho de~iaticnm of the actual contour 
from the theoretical contour are plotted in figure 4, 

The plan form and contour of the horizontal  stabilizer and 
elevator &ro &awn in f"e 5. The elevator m a  equipped with 
a trim tab which also actd as a boost tab with a 1:3 r a t io  4nd 
with a sprhg tab which operated when the pull forces on the  etick 
exceeded approxi~n~tsly 10 gcrwds, Ti10 a p r k g  tab roached a maximum 
deflection of about 25O at about 50 pounds pulr force. 

The gross weight of -6 airplane during  the dive w88 10,220 
pounds with the cunter of gravSty at  27.5 percent of tho man 
aoroQnamlc chord., 

Staadard NELca rocordfng instruments w e r e  used t o  record t he  
v a r I o u ~  quantities during the flight. The w i n g  orifice prsssurea 
were recordod a i m u l k n m u s l y  on multiple lnanomaters housed i n  tho 
fuselage nose c o m m n t .  A more complete description of the 
instmnhtion is givan in  refermca 1, 
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ACCURACY OF R3?SULTS 

The s ta t ic  pressure8 used in  the . d e t e r m 4 a t i m  of t h e  atrspoed. 
and a l t i tude  were obtainod from tho s ta t ic  pressure of tho airspod 
head corz'ected for  posit ion err* as determined from a lw-alt i tudo 
f l i gh t  calibration. Tho fl ight  calibration waa made by flslng tho 
airplane past an object of lrnam height to obtain the pressure 
dlffmence between the Ebirplam stat ic  pressure and t h e  barcaKItric 
pressure, In addition, frm a calibration mado i n  tho &ne8 164 oot 
hlghrspeedwind tunnel the error inherent in t he  airspod h a d  due 
t o  oomgressibility was determined. Tho values of preesurcj cocffl- 
oients wore based 011 comctod   s t a t i c  preasurus. 

All prclssuro line8 of' tho, airapead system wore balanced t o  
provide equal. rntes of flow during rapid chango6.in altitude. In 
order t o  avoid t h e  u80 of an excessivelg long impact prcssura lino 
to provide equal ratas of flaw, two soparate sotmcos of static 
preasure were yrovided, one f o r  the a i r e p c ~ d   r e c o r b r  and one for tho 
al t i tude rocorder. A l l  lines were 3/l&inch inaida diamotar and 
about 7 fee t  l-, for which length tho lag m a  consibrcd negligible. 

The airspeed  in&mment,  altimeter, and all p e s s u r a  ce l l s  wore 
calibrated at. eeveral tanparatwos and tho f l i g h . t ; t u s t  data wero 
corrected fok instrument ixrnpratura affocts. 

Due t o  tho  high aslglss of attack md .hi& Maah numbcrs obtainod 
during the dive,. tho  callbration of tho airspod sy8tOm hcd t o  bo 
necessarily extrapolated to a considorable oxtont. For tho portion 
of t he  dive betweon T= 13.0 ana 15.0 (fig. 61,. tho accuracy is 
loss than for the r e s t  of the dive, and therefore two sots  af valuos 
of accuracy are given. 

The values of aileron angle &own i n  f iguro 6 aro for tho 
right ailoron. It wa8 aS8umd that tho loft ailoron was at tho  
same angle. Durfng t h e  p u l b u t  . s m  aileron forco wrzs.applicd BO 

them i s  8;n inaeterminate e r ro r   i n  tho ailwon -position, 



Due to inetrumentathn &fficUtiee no reliable records of the 
elevator t r i m  tab or sprin@a? deflectfons were  obtained during tho 
fl ight.  deflecticm of €he tr im (boost;) tab var ied less than 5' 
f o r  the elovator deflections. obtained but tIis spring tab was mst 
likely at full deflection (ao) during the pulkout when the oontrol 
forces were high. & view af the mcertaintg of the tal doflectiane, 
their e f f e c t  baa been ignored in tho analysie. The effect of the 
tabs was t o  cause a higher value of upelevator Cteflection than would  
haye occurred ha&' the tabe been at zero deflection. Thfs difference 
in elevator angle .during the dive variea from about zero at zero 
value of % t o  about 20 at values of % above 0.5. 

The pressure C e l l  wh&h recorded the differonce in s t a t i c  
pressuro between the nose caprGmont and the alrapeed head gam 
incorrect reaults at tho highor ml.pcs pf . apd therefor0 the . 
pressure coefficienta were uncorrected Ebnd aranuted 88 such where 
presented. . .  .. . 

During the adrqpt pitch-up portion of the dive ~lraryr of the 
orifice pressures ohmged very rapidly &nCl for th i s  reason no 
estimate fs mede of the accuracy 0 5 .  P .  for.this period. 

' The ~llaximum Mcfi number, 0.866, was reached at about 11.75 
eeoonde. As fhe pull-out prograssed tho h h  number domasod, t h e  
rate of decreaee be- very rapid near the end of the pull-t? . .  

5 e  chordwise prelssuix~ distributions obtahed during the puU- 
out are presented in f5guz-o 7. Caparison of the presswut dlstribw- 
tion f o r  wing station 6 in   f igure 7(h) ( T= 14.25) and figure 7(1) . 
( T = 14-45} shows the flat  distribution on the upper surface ind5ca- 
tive of a stalled conditfon. !!%is stall waa apgarently confined t o  tho 
center section. 
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The spznwise lcedings derived frm these chordwise pressure 
d-lstributions are presented in figure 8. In considering these dah 
it should be noted that the allerans were floating 'up as in&cated 
i n  figure 7. .. . ". . 

The variation of eleVatop angle w i t h  Hach  number f o r  constant 
values of' airplbe 'nom-force  coefficient is ahm i n  figure 91 
The values below M = 0.80 were obtained' from straight f l i gh t  runa 
and shallow turns. The result8  for the. higher Mach numbers were 
obtained fram Mve pull-outs a t  , M = 0.82 t o  0.83 and from the 
dive for wliich the tima'hfatory is sbIown in figure 6 .  

Inet~lmch as the pitching. velocity o? the  airplane 
during a pull-out produces' an increaee iri tb angle of attack 
of the tail over tht obtained in  level fl ight,  an increaee in  
up-elevator  deflection ia. neceesary t o  offset this effect. In 
figure 9 the elevator angles obtained fram pull-outs have been 
reduced t o  the s ta t i c  case bp emloying the horizon%l-tail 
chracterifttics determined from t e a k .  on a l,'+scde model of 
the cornTlete a 1 r p h . e  in t be  h e 8  ILfoo t  higk-speed wind tunnel 
(reference 2). Them wind-tunnel reeults are s h m  in  fig- 10. 
The elevator anglee obtained during  the p i t c u p  were further 
reduced t o  correct f o r  the out-of-bahnce att i tude of the ai?+ 
plane 

The calculated 1ongi tudi~ l"s tab i l i tg  curves of figure 11 
were obtained from the elevatordeflection value6 of fXg.re 9, 
util izing the elevator  effectiveness of figure 10. !Phis is an 
apparent s ta t ic  longitudinal s tab i l i ty  since the eleirator effectlvs- 
ness, as w i l l  be seen later, may differ  from that shown i n  figure 10. 

The m.ious  longita&nal  &ability' and balance problems 
encountered in the high-speed dives and recoveries of this airplane 
are  indicated  in figures 9 and ll. The problems indicated i n  
figure 9 are (1) an increase in   upelevator  angle required for 
b-ce o r  a nose-dm tendency at  VAch numbers greater than 0.70; 
(2) a further  increase in  elevator angle required f o r  b h c e  for 
values of % above 0.20 a t  Mach numbera dove 0.75 as ahawn by 
the spreading apart of the curves. f or. Cn = 0.2 &h Ca = 0.4; 
and (3) the abrupt bcrease i n  elevator ~bngles required  for balance 
at the higher noml-force  coefficSents at M = 0.84 to 0.86, 
indicated by the bending F e r  of the curves f o r  the higher lift 
coefficients . 



FTose-Daa Tendency 
.r 

The asrphne nos+dodm tenkncy (problem (1) ) was encountered 
in wind-tunnel t e s t s  (rctference 2) as w e n  BS in f l ight .  The 
increment i n  elevator angle neoded t o  balance this pitching moment 
above pi = 0.70 at CR = 0 is  premnted Frl f iguro 12 (a) f o r  both 
wind-ixnnel t e s t s  q d  flight. Thu &awe OCGUTS mora abruptly and 
a t  a higher Mach nuniber in th3 a88 of'the wind-$mnel tes ts  than 
f Or the flight t e s t e .  'Phi6 '108s &bqlpt change in flight ie 
possibly duo to t h  action of the spring tab.  3mever,' it -8 

conaidored reaemable to at t r ibuto tho chaw0 in balance in both 
cases t o  t h e  ~ams came and therefom conclusions drawn fran 
analyses of tho wind-tunnel results could bo applied to fH&t- 
test results. 

' . Analy8i.s of Pitching Maments .During Din 

Problem (21, th8 increase i n  s tab i l i ty  betwaan % = 0.2 and 
CR = 0.4, and ~=.oSlom (3), me abrupt pitch-up, w i n  be considered 
in light of the dive ahown in figure 6. In*a;laalyzhg the results 
of this dive Qq and &ch number w i l l  be trated as -tho primary 
variables. 

The equation for the p i w n t  coefficionts about 
airplane center of gravity, with a fow %LSSUrnP*iOn6, may bo expmsaod 
as 
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For an airplane in steady flight 1'a2~ = o o r  t.tm airplane is in \=) 
balance. The various t e rm of equation (1) will be  conaidered 
individually  with t h e  intent of determining the caum of the increase 
in s t ab i l i t y  between Cm = 0.2 a d  0.4 and also the came' of the- 
pitch-up. 

Fuselam pltchin61;  mcinent.- The pitchfng-mamant coefficients Of 
the fueelage calculated by the method of reference .3 are ahawn In 
figure 13(a). The fuselage  critical.Mach number at z0ro angle of 
attAck fram  reference 4 was estimated to be 0.87. Since t he  Mach 
number  for fuselage m m n t  divergence would be s t i l l  greater, it 
was assumed  that the fuselage was operating below the crit ical .  
The correction f o r  ompyessibilitg  effects using reference 5 proved 
to be small (nzaximm C, = 0.010) and .theref ore t h e  m-corrected . 
incompressible  values of pitching-moment  coefficients were used. 
When the wtfues of f'iisehge pitching-;momcnt coefficients Tor0 Used, the 
fueebge was eliminated a8 a mu88 c$ tho problem associated with 
the dlve. 

Fitchi-  moments  due  to normal and lonaitudinal forces.- The 
effect of the noml-forca coefficient on t h e  pitching coeffl- 
clent is shown In figure 13(b). Ita effect is relatively unimportant 
since tple airplane  center of S a 3 t y . m ~  close t o  t he  quarter-chord - 
point of the atem ae rcQmnic  chord. 

The values of longitudinal-force  coefficient Cx were obtainod 
from the longitudinal  accelermnoter  record and an e ~ t i m a b  of the 
jet  thruat. 1t8 effect on C, is ahown in figure 13 (c) and io 

. . also not  important as reg&& the dive problems. 

W i n e ;  pitchim m0mSnt.- The wi~preeswe measurements made 
durlsg the  dive a l l ow  an exact  detomnination of the contribution 
of the w-ing toward the balance and -stability of the airplane. 
Figure l3 (d )  presents t h e  values of $/4 of the wing during the 

dim. Since all the values of a m  negative and since 
k l c  
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, The pitchfng-moment coefficient of the ta.11 is then, from equation (I) : 



The Integrated cente-ectian loading obtained from the ewn- 
wise loading~l of reference 1 is  preeented in  figure 16. Also shown 
w e  values obtainod during the dive wh?ch aro s l ight ly  largor than 
thoso indicated from tho lm-apeod reaults, proh%ly  due to  tho facti 
that the ailerom wore deflected upward. A t  any rate, thoro i8 
Tmufficient increase in  &ownwash to produce thc pitck-up. 

F r o m  rrrind-tunnel tea ts"  of a 1/+acaLe modo1 of +iha test air- 
plane the derived downwaah -10 vcriqtian with % for. a z n g o  of 
Mach numbers from 0.3 to 0.6 was obtuinsC and is p o s o n t e d  in 
figure 17. mo Mach nab& effect fs aTparent. The variation of B 
with CN thus obtainod m8 correctad for tho  Fncreasc in  c m t s ~ -  
section loadlng t h e  corractod vmiation as used i n  the aubsequent 
analySi8 i8 also sham in figure 17. 



which  (in  light of the wsumptians made) al lows the W ~ 3 e s  of a 
t o  be de-termlned. !Be miation o f ’  u with CK thus derived is 
shown in figure 14. %is  variation is required t o  produce the 
longitudinal characteristics of the dive. Cmprison of thie lift 
curve  with that derived frcan extrapolatfon of the winbtunnel testa  
of reference 2 (fig. 20) indicates  diaaimilarities. For the portion 
of the dive before the pitch-up, the difference in  slopes tends t o  
eliminate the lift curve as the cauqe of the increased  stability. 
In regard t o  the pitch-up, the reaults s h m . i n  figure 20 iiidicate 
that the effect of decreasfng the Ikch number.as Cm is increasing 
from 0.5 to 0.89 is to markedly increase the slope of the curve. 
Thia would ElQree with the steep slop3 in figme 19 between Cpy = 0.5 
and 0.7. For C, greater  than 0.7,. hawever, the reduction  in ct 
w i t h  increasing % is Fmprobable. Therefore, it may be concluded 
that the variation of a w i t h  Cn may explain past of the reduc- 
tion  in  stability d u r m  the pitcbup cue t o  the fact that  the 
airplane  Bhch  number.was  decreasing,  but  it &ea not  entirely 
explain the latter portlcm of the pftchp above 0.7 %. - 

Dpmmic preesure  at the tafl.- A reduction in dymm€c pressure 
over %he tail OCCUTB due to the w i n g  wake. Thfs effect cart became 
important above the critical  Pkch nmfbsr of the w i n g  when a 
pronounced flow separation is prosent. ‘phis reduction in dyntmlc 
pressure has two effects: (1) It reduces the 
with a given &e can be wen fn equation 9 (4 , and (2) it . 

cause8 the Hach number at the tail to be lower than the airplane 
Mach number. The re&uctim in  qE/q and Mach number at the tail 
can be m e n  in figure 21 as B. functfon of loas  in total-head 

sufficient to produce a Q=/Q = 0.9 lowera the  Each number at the 
tail approxfmateu 0.04. It may be seon in figuro 18 that such a 
reduction  in M m h  nmiber  could produce a much larger change in tail 
load than that due t o  the effect of the change in g,& i tself .  
This is due to t%e large effect of &ch number on 2 %/as, and 
a”,?Ik above M =-0.80. 

m66W8. Iphue at  M = 0.85, & 108s h tO-l-h€?ad pZWSSIE€l 
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For the purposes of m d ~ r s i e  cer%in asamptione have been =de: 

1. Variation of 4 with is a8 shown in f i m  17. 

2. Variation af a with .'CN is as s h m  in,figure 20. This 
variation was derived from an, extrapolation of the wb&- 
tunnel  results of rsferercs. 2. 

. .  
3.  %il characteristics are as determined fromwind-tunnel 

tests of the .feolated, tail. 

u n k j n m e  in equation (41.. Since all theee Were sham to  be a 
function of the total-&ad.loss over the tail,  the  required  variation 
of a,H/q waa found by a series of successive approximations. The 
variation  of q /q md..Mach nwriber at'  the, tall required  to explain 
m e  abrupt pttckug 3s presented in 22. *om w e  it m y  le 
wen that the required reduction th dynamic $reasme incrmao.s with 
increase in CN. Thie is quite plavaible, einca at higher anglee 
of attack the mike becomes broader and. thc h i 1  movee toward  the wake. 

To demonstrate this &re clearly the wing wake at t h e  tail for 
the test  airplane at M = 0.85 m a  eetirrmated f o r  a low d u e  of % 
an& also f o r  t h e  valve of Cp at %he beginning of the pitch-up. 
These eet-tee are e h m  in figme 23 and a r e  based 011 wind-tunnel 
surveys of a. thinner wing m d  should be considered only roughly 
qmtitztive. They do show the l ik l ihood of wake changes at the tall. 

. .  

In aWtion to the reduction of the m c  pressure, the wako 
prcducea a veloclty gradiept in the vertical airectim nt the tail. 
Thie velocity gmdlext will produce a Uft. on the tail dopendent 
upon the thickness of the tail and the. velocity gradient. This 
subject has been treated in references 6 and 7. 

Sumnary of Bnlance Change8 and A m n t  Stability 



and Mach nlmiber az? fiicreaeing, an increase in the angle of attack 
for zero  lift  produces an apparent irtcregBe in stability. Thie 
accounts for gart of the increase in stability during the dive 
recovery between C, =, 0.2 and di 4,. When % is  increasing and 
the Mach number is  decreasing, the i.e(luctfon in zero l i f t  angle 
causes an  apparent decrease in stability, which partially exglains 
t he  abrupt pitch-up; 

me effect on the rbaIance due to chehges of elemitor 
effectiveness and stabilizer  effectiveness is dependent an the angle 
Of attack of t he  tail, the elevator deflection, and the relative 
changes in effectiveness with Mach npber. For the dive in 
question,  the  net  effect of the decreasing airplane W h  nlrmbsr 
wag to produce a no8e-up pitching m-nt; and beawe CH W&B 
increasing, sn apparent decrease in stabililiy  resulted. It was 
previously sham that, due to the wing'wake, the Mach nu&er at 
the tail probably decreased mope rapidly than the airplane Mach 
number, gretitly increaeing this effect. 

The mnibihation of these changes in the apparent  stability  and 
the reduction in Mach number over the tail 88rv88 to explain the 
pitc-h-up belaw % = 0.75. Above this value this  explanation  fails 
to account f o r  all of the necessary  tail  pitching mcanent and at . 
C, = 0.89 it exglaina only about 60 percent of the required  mcanant, 
leaving an unexplained pitchiement coefficient of .0.030, 

A,reasonabie  expLetnation for the Inability  to  satisfactorily 
erplain the  entire pitcup lies in the probable inaccuracies in the 
results  during the final and most rapid stage of 'the  maneuver. For 
e q l e ,  assuming an error in Mach nupiber of 0.015 (the estiraated 
accuracy) whec . % = 0.89,' the  resulting shift in angle f o r  zero 
lift  wouid hsveproduced m incramsnt ~f pitchin@imcanent  coefficient 
of 0.040. 

The lmgitudineil problems thus appear to rise fran the effect 
of Mach nuniber on the angle of attack for z 6 m  lift and elevator 
and stabiuzer effectiveness. m e  uae of a symmetrical w i n g  'WOU 
reduce the ahif t x i t h  Mach nMiber in the angle of attack required 
for  a given  lift coefficient at least fo r  m o d e r a t e  l i f t  coefficients. 
This would reduce  the increment in  elevator angle needed for b l a m e  
and  thereby  proportionately  reduce the effect of 8 chmge in elevator 
effectiveneas on balance. A p r t a  solution would be to alleviate 
the  effects of Mach number on elevator effectiveness and stabilizer 
effectiveness. The m e  of a mept-back tail surPace would  accomplfsh 
this purpose as may be observed in figure 24 which catpares the 
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elevator  effectiveness and ekbilizer  effectfvene~e  at high Mach 
numbers for the standard tail and for the  tail swept back. 

This report explains the,abrupt pttching-up of the airplane 
which occurred during.a 0.866.Mch number dive. S& additional 
related stability problems have also'been included. 

One of these additional problems,, the nose-dam ten-hcp of the 
airplane above M = 0.70, W+I 'shown. to. be due" to  the  positipe  shift 
in  the angle of attaqk.for zero  lift of the wing. At any given  value 
of f+, this ehift served to  increaee the angle of attack of the 
tail and produced' a diving .'moanent. ' _  . 

Another problem, the increase in stability which occurred 
between = 0.2 a;nd 0.4, was attributed partly to ar~~increebse in 
atability  of the airphn8,'tEtil  off; and partly to the balance 
changes associated with m increasing a i r p m  rimer. 

It was shown that the action of t h e ,  tail was reaponeible for 
the  pitch-up. The negative  shift in,angle f o r  zero lift and 
increaee in elevator  effectivenes~ as t he  airplaneMach nmb?r 
decreased produced a n o s w p  charge in balance. ,Izle presence of 
the w f n g  wake produced an awtional decrease in m c h  number at 
the tail whfch further  increased the elevator  effectiveness 'and the 
nose-up pitching moment. 

It wae  suggested that utilization of a symmetrical w a  and a 
mept tail would &ll8vlate the  longitudinal-atability problem 
encountered. 

.. 

Arms Aeronautical Laboratory, 
national Advisory ~ m m ~ t t e e  for Aeronautics, 

Moffett Field, Calif. 
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Item 

Area, eq ft 

span, ft 

Aspect ratio 

Tapsr ratio 

*an aerodynamic 
chord, f t  

Dihedral of trail 
1% ea@?,. de3 

Incidence, root. 
chord, deg 

Incidence, t i p  
chord, deg 

Root section 

T i p  mction 

Percent chord 
having common 
Plane 

Tail length (from 
0.23 M.A.C. wing 
to 0.25 M.A.C. 

wiw . 

23 7 

38.9 

3 - 8 3 .  : 

-1 

-0.50 

52 

43.5 

15.6 

5.59 

0.303 

3 .os 

0 

1.30 . 

75 
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TABLE 11.- ORDINATES OF NACA 651-21j (a T 0-.5) AIRFOIL 
[All atations and ordinates i n  peroent o h o r d j  

. . .  . . .  1 .  . . .  .. , 

Upper surf aoe Lower suriaoe 

0tation Ordinate Station Ordinate 
I I 

0 
3g . -. 62 

1: 10 

0 
1.06 
i. g 
1. 
2.28 

4.67 

6. .51 
7.12 
7.56 
7 -65 
7.98 
7.94 

' 7.71 ,. 

i::: 
' 5.71 ' 

i: 2636 
5. g s  

2: "14 
3.12 
2.2 
1.33 
53 

0 

0 
-62  



E 
i 

h i f i c e  
no. 

1 
2 
3 
4 

2 
7 
8 
9 

LO 
L1 
32 
13 
14 
15 
16 
17 
18 
19 
20 

lection 
chord, 
feet  

I 
center If. 

0.68 0.72 
1.47 1-53 
2.79 2.65 

10.32 10.25 

22.58 23.32 

65 105.25 

5-31  5-25 

16.24 16.62 

26.12 25.84 

41.16 42.09 
45.78 46.53 
54.13 55.96 
59.18 59.89 
64.14 64.60 
69.3-2 69.56 
73.38 76.88 
79.11 n e 8 3  
83.03 84.38 

33.23 33.97 

$3.14 88.93 
94.19 94.39 

7.46 6.40 

0.32 
0 9 5  

2.20 
4.62 
9.65 
15.49 
22.73 
25 93 
34.33 40.62 
53 e76 
58.78 
63.96 
60.68 
78.41 
83 30 
89- 93 
93.24 

48.70 

0.36 
1.43 
2.61 
5.09 
10.02 
16.02 

1 
E! 
3 
4 
5 
6 -  

0.69 
1.48 
2.87 
5.26 
10.20 
16.30 

7 23 07 

9 33.54 
10 41.. 40 
11 45 93 

a 26-.19 

Sectioli 

f ee.t 

105.25 
0.69 

2.81 
5.34 
10.34 
16.23 
23.68 
25-95 
33.87 
41.84 
46.50 
54.97 
59.99 
65.02 
72.59 
76- 47 
79. * 
s5.u 
88.76 
95.08 

1.47 

- 
6.40 

0.25 

2.23 
4.86 
11.43 
16.69 
23 43 
26.31 
34.28 
41.78 
47 . 89 

1 - 3.731 



.... . . . . .  

Figure 1.- Three-quarter side view o f  the t e s t  airplane. 
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Figure 2.- plan view of the  t e s t  airplane. 
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2.5 
5.0 

4.80 50.0 1.56 

3.115 70.0 2.64 7.6 
4.115 60.0 2.17 

10 00 
1.04 90.0 4.145 20 00 
8.08 80.0 3.04 

30.0 I 4.76 11 100 I 0 
L. E. radius: 0.687 
T. E. angle: 11.84O 

Figure 5.- P l a n  form of horizontal  tail of aubjeot 
airplane  and  ordinates for the  modified NACA 
651-010 airfoil with straight  side elevator. 
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